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Abstract 
We are halfway through a three year field project demonstrating a novel technique 

for augmenting biological control of silverleaf whitefly. Recently imported Eretmocerus 
spp., parasitic Hymenoptera highly specific to whiteflies, have been successfully added to 
cantaloupe transplants. These plants were added to both organic and conventional fields of 
commercially grown cantaloupes in a desert growing region located in south-eastern 
California. Several obstacles to inoculating plants with adequate number of parasitized 
whiteflies have been overcome. In 1998, whitefly nymphs in a small plot (l/3 ac), 
replicated study in organic melons, were lowest in numbers in the transplant treated plots, 
followed by plots receiving parasites released by hand, and a no-release control plot. We 
have had dificulting in showing any impact in conventional fields due to low whitefly 
numbers. However, preliminary data in 1999 show that most parasites on transplants 
survived to adulthood in the imidacloprid treated plots. 
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Executive Summary 
We have completed one field season and are part way into the second of a three 

field season project. Transplants of cantaloupe are being tested as a vehicle for 
augmenting a natural enemy of silverleaf whitefly, a serious pest of this field crop when 
grown in the desert region of southern California. Transplants of cantaloupe have been 
successfully inoculated with parasites and whiteflies and transferred into organic and 
conventional (use of imidacloprid for whitefly control) fields of cantaloupe. Several 
problems encountered in the inoculation of plants with parasitized whiteflies and in their 
placement in fields have been overcome. Host feeding of whiteflies by parasites and loss of 
young leaves on transplants resulted in lower than expected number of parasites added to 
fields. We added from 6,400 to 24,000 parasites per acre to fields using transplants, far 
less than the target of 40,000; the latter number has reduced whitefly numbers during 
previous hand release trials of parasites. Despite the low number of parasites added to the 
organic field in 1998, we observed differences in insect densities recorded in the three 
treatments: transplants, hand-release, and no-release control. On the last two sample 
dates, May 29th and June 9ti, 1998, the transplant plots had the lowest numbers of 
nymphal whiteflies, compared to the other plots. The highest number of parasites recorded 
was in the hand-release plot on April 2 1, about one month after releases were made. The 
higher levels of parasitism and lower numbers of whitefly nymphs in the transplant plots 
suggests that this approach to releasing parasites is more effective than hand releases. 
Furthermore we ended up releasing about 9,000 parasites per acre more in the hand 
releases. In 1998 we were unable to compare the impact of parasites placed in 
imidacloprid treated plants due to the lack of whiteflies at this site. The combination of 
unusual weather, location in Imperial Valley, and effectiveness of imidacloprid prevented 
whiteflies from building to levels that could support parasites. Transplanting went well and 
our plants grew and matched the vigor of the grower’s plants. 

We are mid-year in our 1999 field season, Plants have been inoculated with 
parasites and placed in fields. We have set up a replicated, three treatment study at an 
organic field. We are comparing the impact of parasites released into */z acre plots using 
either transplants or “hand releases” on silverleaf whitefly populations to a no-release 
control. The remaining three conventional fields use imidacloprid to control whiteflies and 
we set up paired transplant (inoculated with parasites), control plots in each. The cool 
spring is delaying growth of plants by 2 to 3 weeks. Cantaloupe will be harvested in late 
June and early July. 
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Introduction 
The silverleaf whitefly (SLWF), Bemisia argenti;foZii (Homoptera: Aleyrodidae) 

Perring and Bellows, continues to be a serious pest of several vegetable and field crops in 
desert agricultural areas in California, as well as other regions of the United States. Major 
crops affected in California include melons, cotton, cole crops, alfalfa, and tomatoes 
(Perring et al. 1993). In 1993 and 1996, silverleaf whitefly reached damaging levels on 
cotton and in some instances citrus in the southern San Joaquin Valley, again raising fears 
that economically damaging populations of this pest are spreading to the more central 
regions of California’s agricultural heartland, In the Imperial Valley alone, crop losses 
since 1991 are estimated at 330 million dollars (Birdsall et al. 1995). Additional losses in 
sales and employment in this region have been estimated at 630 million dollars. Damage 
nationwide, has been estimated at one billion dollars (Faust & Coppedge 1995). 

The regional impact of silverleaf whitefly in Imperial Valley appears to have abated 
somewhat over the last two years due to the registration of imidacloprid (AdmireTM ) in 
1995 on some vegetable crops (section 18 for melons) and to changes in cropping patterns 
that disrupt continuity in whitefly host plants, i.e. the elimination of fall melon acreage. 
Most melon growers now use soil applications of imidacloprid that can provide 45-60 days 
of protection from whiteflies and other homopteran pests during spring months. However, 
given the silverleaf whitefly’s capacity for rapid development of resistance to insecticides 
(Byrne et al. 1992, Prabhaker et al. 1992, Tan et al. 1996, Wolfenbarger & Riley 1994), 
and the demonstrated resistance to imidacloprid in laboratory studies (Prabhaker et al. 
1995), other control strategies should be investigated. 

Recent studies in Imperial and San Joaquin Valleys show that early season releases 
of parasites can suppress populations of silverleaf whitefly. Simmons et al. (1995, 1996) 
increased parasitism levels over twofold in silverleaf infested spring melons in commercial 
fields when making early season releases of the exotic parasites Eretmocerus spp. 
imported from India and Spain. Likewise, the density of whitefly nymphs was reduced by 
half Similarly, Heinz et al. (1995) found a three fold reduction in silverleaf whitefly 
nymphs on cotton treated with releases of either Eretmocerus sp. imported from Texas or 
the native Eretmocerus from Imperial County. More importantly, augmentative releases 
may be used by growers treating cantaloupe with imidacloprid. In some fields, Simmons et 
al. 1996 released parasites following insecticide application, augmenting parasitism by two 
fold. Goolsby (unpubl. data) has demonstrated in replicated laboratory studies that late 
instar Eretmocerus larvae can survive field recommended rates of imidacloprid used on 
whitefly infested cantaloupe. Early season releases of parasites would increase the regional 
population of silverleaf whitefly parasites and possibly reduce or eliminate the use of 
pyrethoids used later in the season for additional control of adult whiteflies. Increases in 
the regional population of the highly specific whitefly natural enemy Eretmocerus spp. 
would benefit summer and fall crops susceptible to silverleaf whitefly. 

Just as with many other efforts at using augmentative releases of natural enemies in 
field or vegetable crops (Oatman 1970, Pickett & Gilstrap 1986, Pickett et al. 1987), the 
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high cost of rearing the parasites needed for economic control of silverleaf whitefly may 
limit their use. In 0.5 acre plot studies, receiving ca. 40,000 parasites per acre 
(Eretmocerus ex. Pakistan), Simmons (unpubl. data) was able to maintain the same levels 
of parasitism in plots with and without applications of imidacloprid. He achieved similar 
levels of whitefly control when using imidacloprid and parasites, as imidacloprid plus the 
pyrethroid bifenthrin. These results suggest that field applied imidacloprid has little if no 
detrimental affect on released parasites and that the same releases can achieve similar 
levels of control as provided by bifenthrin. The parasites would cost growers $200/ac who 
typically spend about $120 per acre for whitefly control. We are proposing that the cost 
of augmentation can be reduced further, and efficiency increased, by using transplants 
inoculated with parasites. Rather than rearing whitefly and parasites on another non-crop 
plant, then harvesting and releasing the natural enemy, the crop itself is inoculated with 
parasites prior to its planting. Costs associated with growing non-crop plants are 
eliminated and mass rearing of parasites is reduced. Furthermore, fewer parasites 
introduced into a whitefly infested field on transplants may be needed to control whiteflies 
in a field receiving an equal number of hand released parasites. Hand released parasites 
must disperse over a large area, search for and then discover very low density prey while 
parasites emerging from inoculated plants would have prey readily available. The concept 
is simple, however no one has demonstrated the procedure, nor developed a protocol for 
inoculating plants and moving them into fields. Large numbers of transplants previously 
infested with small numbers of whiteflies can be inoculated with parasites in a greenhouse 
setting. These plants could be mixed with conventional transplants or seeded fields at 
planting. Although not widely practiced, there is a growing trend to using transplanted 
melons, versus those that are seeded. In addition to inoculating plants with a highly 
effective natural enemy, advantages to growers include reduction in costs due to seed loss, 
and reduction in water and pesticide usage. 

We have almost completed the second of three field seasons in this study. The 
growing season for cantaloupe in Imperial Valley is February through June. We report 
on results completed in spring 1998 and on our 1999 season, which is still in progress. 
Both years we have conducted a study to compare the efficacy of inoculating fields 
with parasites using tranplants vs. hand releases releases; and we have conducted a 
larger scale demonstration study in fields using imidacloprid. 
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Field Season 1998 
Materials and Methods 

Parasites were released into two commercial farms of cantaloupe in the 
Imperial Valley. The first was an organic grower, where we compared the effect of 
banker plants (transplants with parasites) against plots receiving hand-releases of 
parasites, and a no-release control. Treatments were assigned to l/3 ac plots using a 
randomized complete block design with 4 replicates. The second site was a 
conventional grower who uses imidacloprid (Admire@), and we compared whitefly 
plant densities in 2 pairs of 1 acre plots with and without the addition of banker plants, 
respectively. Approximately 20,000 adult wasps were used to inoculate a flat of 196 
transplants, each bearing approximately 100 whitefly eggs on their first and second 
true leaves. 

Field Season I999 
A three treatment, replicated study was set up at a 32-ac organic farm site. We 

are repeating a study in which the efficiency of release methods is being compared in 
an insecticide free environment, Plots of cantaloupe receiving parasite-inoculated 
transplants are being compared to plots with either “hand released” parasites or a no- 
release control. We were able to increase the size of our study sites over last year 
from l/3 ac to % ac. In addition, plots were separated by at least one acre, whereas 
last year we had no separation. We succeeded in adding 24 parasite pupae per 
transplant, or 12,000 per ac, up from ca. 9 per plant last year (Table 1). Our goal was 
40,000 parasites per acre, however since the regional whitefly population is again very 
low, these numbers are most likely adequate for economical control. Last year far 
fewer parasite pupae were added to transplants due to host feeding by adult parasites 
used in the inoculation process. A 10: 1 whitefly to parasite ratio was used this time, up 
from a 1: 1 ratio used last year. We released on April 28 the same number of adult 
wasps in the “hand release” plots using small paper cups, five weeks after “banker” 
plants were added to the transplant plots. The first generation silverleaf whitefly 
nymph population was just getting established at this time. The organic producer used 
a dripline under black plastic, and his transplants went in on March 15’h, one week 
before ours. Our transplants are identical in size and vigor as the grower’s, 

We had difficulties getting our conventional fields started, but managed to get 
inoculated plants into 3 fields using imidacloprid, and two of these were on drip line. One 
of our original growers delayed planting and a second backed out at the last minute. As a 
result, we were late in getting our cantaloupe transplants into the fields. We set up paired, 
l-acre treatment and control plots at each of these sites. All three of these growers planted 
by seed, and two of the three used dripline under plastic until plants were well developed, 
after which plastic was removed. Imidacloprid is added through the dripline. Our 
transplants had to be replanted in two of these fields because they died due to water stress 
and heavy winds. Fewer parasites were added to transplants used in these fields, 4 - 6.55 
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per plant, or about 2,500 parasites per acre. This again is much lower than we had planned 
initially, but the whitefly numbers were so low in these fields that these should provide 
adequate control. 
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Field Season1998 
Results and Discussion 

We succeeded in getting parasites onto banker plants and into fields at both the 
organic and conventional fields. About 10% of the melon plants in plots receiving 
banker plants were inoculated with parasites. However, we ended up releasing far 
fewer parasites using banker plants than we had planned; about 6400 to 7800 parasites 
per acre at the organic farm and approximately 24,000 per acre at the conventional 
field. This is much lower than our target of 40,000, the number found to give good 
control of whiteflies using conventional hand releases. Nevertheless, we measured 
significant differences in whitefly nymphal populations between the different treatment 
plots at the organic site. The lowest nymphal populations on the last two sample dates 
were recorded from the transplant plots, with increasing number in the hand release, 
and control plots (Fig. 1). On 29 May 1998 banker plant plots averaged 0.13 
nymphs/cm2 followed by hand release plots at 0.18 nymphs/cm2, and control plots, 
0.23 nymphs/cm2; and on 9 June 1998 bankers plant plots averaged 0.28 nymphs/cm* 
followed by hand release plots at 0.41 nymphs/cm2, and control plots 0.51 
nymphs/cm2. We detected few whiteflies at the conventional field receiving an 
imidacloprid treatment. Parasitism remained extremely low the entire season in both 
treatments, most likely as a result of a rare host population. 

Field Season I999 
We are mid-way in our 1999 field season. We reared parasites and inoculated 

transplants for four commercial fields of cantaloupe during early spring 1999. Transplants 
were successfully planted at one organic field and into 3 conventional fields. We added 
enough plants to fields so that 10% of all would be inoculated with parasites. 

Only about 5 to 10% of the eggs on transplants resulted in parasitized whiteflies. 
Most of this attrition was due to egg mortality. Studies just done last year show that 30 to 
50% of eggs die before molting to first instars (Naranjo, pers. Comm. 1998). Our highest 
number of parasitized whiteflies occurred on transplants with the highest number of 
whitefly eggs suggesting we must increase our transplant egg load to increase the final 
number of parasites on these plants going into the field. The similarity in the number of 
parasitized whitefly on both the transplants sampled from the field, and those held back at 
the field station at time of planting (Table l), suggest that the imidacloprid had very little 
to no impact on the insects. Plants are now growing well at all three conventional fields, 
but smaller in size compared to the grower’s, Whitefly numbers are extremely low at these 
three sites. 
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Conclusions 

A protocol for inoculating melon transplants with parasites highly specific for 
silverleaf whitefly has been developed. Our first year of a replicated field study showed 
that these plants can raise the population level of parasites and whitefly parasitism rates. 
Fields receiving parasites through this method had lower whitefly numbers than fields 
receiving parasites by hand, i.e. pupae filled cups placed in plots, and no-release control 
plots. These results suggest that augmentation, using transplants, is more effkient than 
releasing by hand. We have also found high larval parasite survivorship on transplants 
placed in fields receiving imidacloprid through drip lines 
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Fig. 1. Organic melons, Imperial Valley, 1998. 
Effect cf different release methods. Means _+ 1 SE. 

,,. Parasitism 

0.9 - 
n=160 

0.8 - 

0.3 

0.2 

I 

3 f 

ii 

I 
0.1 

f h 
0.0 I 

Apil9 April21May21May29 June9 



I. 

(c 15 

Table 1. Numbers of insects on transplants placed in cantaloupe fields, spring1 999. 

Mean insects/transplant Per cent of whiteflies 

pupae)/(parasite exit holes + pupae 

‘parasite pupae plus exit holes, five weeks after placement in fields 
21ive and dead fourth instars, plus whitefly exit holes, five weeks after placement in fields 


